The polychaete composition and distribution within mussel beds were studied in order to assess organic pollution due to domestic sewage in a rocky shore of Mar del Plata (Argentina) during 1997. Four stations and a control site were randomly sampled around the local effluent. Quantitative data on polychaetes, as well as sediment accumulated among mussels and its organic carbon content were measured. Polychaete distribution patterns are related to the organic matter gradient, being Capitella cf. capitata, Neanthes succinea (Frey & Leuckart, 1847) and Boccardia polybranchia (Haswell, 1885) the dominant indicator species close to the effluent. At medial distances, the cirratulids Caulleriella alata (Southern, 1914) and Cirratulus cirratus (Müller, 1776) are very important in abundance. The syllids Syllis prolixa Ehlers, 1901 and S. gracilis Grube, 1840 are distributed along the study area, but dominate at the medial stations and at the control site. The orbiniid Protoariciella uncinata Hartmann-Schröder, 1962 is subdominant at the control station.
INTRODUCTION
Biological communities have been seen as effective tools for assessing sewage pollution. Macrobenthic animals are easy to monitor, because they can be sampled quantitatively and also respond to man-made disturbance (OTWAY et al., 1996) . Organic enrichment of sediments due to sewage may result in a series of non-linear changes in the abundance, biomass and diversity of benthic organisms, in both spatial and temporal patterns (PEARSON & ROSENBERG, 1978) . Polychaetes are one of the most useful marine organisms to detect pollution because they live at the water-sediment interface. This layer is biologically reactive and chemically active (RHOADS & BOYER, 1982) . Polychaetes have been used in bioassays, to monitor toxic compounds, and as pollution indicators, from community or populational levels to species level (POCKLINGTON & WELLS, 1992; REISH & GERLINGER, 1997) . The presence or absence of some indicator species or even families are currently known as pollution indicators, in particular the presence of Capitella ELÍAS, RIVERO & VALLARINO capitata (Fabricius, 1780) or some spionids (TSUTSUMI, 1990) , or the absence of the genus Lumbrineris Blainville, 1828 (RYGGS, 1985) .
In the southwestern Atlantic shore, sewage is discharged into the shallow waters or intertidal areas, like in the Mar del Plata (38°S; 57°W), Argentina. The city (with about 550,000 inhabitants) needs a way to evaluate the extent and degree of this impact because it is the major seaside resort of the country, receiving more than 2,000,000 people during the summer. The intertidal zone in the Mar del Plata area is constituted by extense sandy beaches (without macrofauna) and rocky shores (quartzitic outcrops and platforms of caliche). Arround the sewage effluent, the intertidal zone comprises abrasion platforms inhabited by mussel beds made up by the mytilid Brachidontes rodriguezii (Orbigny, 1846) . The community structure of these epilithic mussel beds has been successfully used to detect the environmental impact due to domestic sewage (LÓPEZ GAPPA et al., 1990) . The monitoring using community-level information is expensive in terms of menhours needed to identify and count all organisms living in the mussel community. The study of the mussel-associated flora and fauna could be suitable for assessing organic enrichment due to domestic sewage in the Argentine coast (LÓPEZ GAPPA et al., 1993) . The mussel matrix creates sedimentary microhabitats that are occupied by small invertebrates, including several polychaetes (PENCHASZADEH, 1973; TSUCHIYA & NISHIHIRA, 1985; JACOBI, 1987; GÜNTHER, 1996; SCELZO et al., 1996; SVANE & SETYOBUDIANDI, 1996; RAGNARSSON & RAFFAELLI, 1999) . However, no quantitative data about polychaete pattern are available from the southwestern Atlantic shore.
In order to assess the sewage impact on this hard-bottom intertidal area, a spatial study of the polychaete species associated with mussel beds was conducted.
MATERIAL AND METHODS
The sampling area is an open coast exposed to a longshore littoral current (South to North) and autumn-winter storms. Extensive sandy beaches alternate with quartzitic outcrops and abrasion platforms. Around the sewage effluent, an abrasion platform is exposed to low tides, being azoic in the North (except for a few opportunistic algae), and covered by a mytilid community in the South (the sampling area). These platforms are hard substrates of caliche (consolidate loess), characterized by an irregular and gradual slope (almost horizontal). Grooves lying perpendicular to the shoreline are common. Semidiurnal tides vary between 0.61 and 0.91 m (ISLA & FERRANTE, 1997) . Energy waves are high (mean height of 0.91 m) reaching a maximum of 2.3 m during storms (LANFREDI et al., 1992) . The coastal area of Mar del Plata is characterized by the presence of Continental Shelf Waters, with seawater temperature ranging from 8 to 21º C, and salinity from 33.5 to 33.8 psu (GUERRERO & PIOLA, 1997) .
Four locations, from 50 m (station 1) up to 700 m (station 4) south of the effluent, were sampled during November 1997 ( fig. 1) . Sampling was performed in each station at two levels, superior (exposed in neap tides) and inferior (only exposed in spring tides), except for station 1 (the closest to the effluent) due to the absence of the inferior level. At each level, four sampling units were randomly obtained with a 78 cm 2 corer (diameter: 10 cm). A control site (station C) was also sampled in the Santa Elena Formation (also an abrasion platform) placed 9 km north of the effluent. Each sampling unit was sieved (1 mm), and the associate polychaetes living on and among mussels were studied. Polychaete identification follows FAUCHALD (1977) and specific papers. Sediments accumulated among mussels were retained for total weight in each sampling unit, and their total organic Carbon content (%) was determined from subsamples (WALKLEY & BLACK, 1965) .
Data were analyzed using analysis of Variance (ANOVA). Biological and environmental data were transformed (double square root) to increase homocedasticity of variances. Only eight polychaete taxa were normally distributed before transformation (tab. I), and were used to test differences between tidal levels (superior-inferior). The sampling units were then pooled for a two-way ANOVA, in which station is the fixed factor and the abundance of polychaetes the categorical predictor variable. Differences in total organic Carbon and sediment among mussels were tested by an one-way ANOVA. Whenever a difference was established, a post-hoc SNK test was performed to the appropriate alpha level. The relationship between the biological and the environmental variables was analyzed with Redundancy analysis (RDA), and a simple Regression analysis was performed for each polychaete species and total organic Carbon (JONGMAN et al., 1995) . The material is deposited in the laboratory of Bioindicadores Bentónicos, Departamento de Ciencias Marinas, Universidade Nacional de Mar del Plata.
RESULTS
Sediments accumulated among mussels increased from the effluent to the control station ( fig. 2) . Total organic Carbon was high at the stations 1 and 2 (from 50 to 230 m), but low at the stations 3 and 4 (>450 m) and at the control station ( fig. 3 ). Differences in both parameters were highly significant (p<0.01) between stations 1-2 and the other stations. A total of 5,098 individuals belonging to 18 species were identified (tab. I). Polychaete dominance ranged from 7.7 to 37.7 % of the community, these extreme values corresponding respectively to station C (control) and station 1 (the closest to the effluent) ( fig. 4) . A first one-way ANOVA was performed to test differences between tidal levels, superior and inferior, and proved to be not significant. Sampling units were therefore pooled for a two-way ANOVA considering stations and polychaetes as factors. The of Protoariciella uncinata in the control station (C). The former species had negative and significant (p<0.05) correlation coefficients for total organic Carbon (r 2 = -0.1566, -0.2606, and -0.3447 respectively). At medial distances the cirratulids Caulleriella alata and Cirratulus cirratus were sub dominant, with low and non-significant correlation coefficients.
Redundancy analysis ( fig. 6 ) showed the existence of two major and opposite gradients along axis I, one of increasing amount of total organic Carbon from the control site to the outfall, and other of increasing sediment accumulated among mussels, with an opposite trend. The closest stations to the effluent were highly related to positive values of the first gradient, as well as the species C. cf. capitata, N. succinea and B. polybranchia, while the control station (C) was highly related to the negatives values, associated to P. uncinata and syllids. Axis I explained 97.2 % of the total variance, and represents the organic enrichment gradient. Axis II explained 2.8 % of the variance and is apparently related to species richness, which is high at medial stations (positive values). Fig. 6 . Redundancy analysis on sampling units, species and environmental variables in the intertidal mussel beds exposed to sewage discharge from the city of Mar del Plata (Sedim, sediment accumulated among mussels; TOC, total organic Carbon; C. cap, Capitella cf. capitata; C. cirra, Cirratulus cirratus; N. suc, Neanthes succinea; B. poly, Boccardia polybranchia; C. ala, Caulleriella alata; S. pro, Syllis prolixa; S. gra, Syllis gracilis; P. unc, Protoariciella uncinata) . 
DISCUSSION
Spionid and capitellid polychaetes in general, and the Capitella complex in particular, have largely been used as classical indicators of organically enriched sediments (REISH, 1972; TSUTSUMI, 1990; POCKLINGTON & WELLS, 1992) . In Denmark, the dominance of C. capitata and Polydora ciliata Webster, 1879 among Mytilus edulis L., 1758 banks was related to the local hydrodynamics, affecting sedimentation or increasing faeces and pseudofaeces of mussels (SVANE & SETYOBUDIANDI, 1996) . In the intertidal abrasion platform around Mar del Plata sewage effluent, the distribution pattern of C. cf. capitata is clearly related to the gradient of organic pollution. The same can be stated for the dominant spionid B. polybranchia in the station near the effluent. The use of some spionids (Polydora ciliata and other congeneric species and other genera) also indicates sediments organically enriched (PEARSON & ROSENBERG, 1978) . In another southern abrasion platform affected by sewage, LÓPEZ GAPPA et al. (1990) found high densities of Boccardia sp. (about 500,000 ind.m -2 ) associated to sand banks and also among Brachidontes Swainson, 1840 beds. Boccardia proboscidea Hartman, 1940 was found primarily in large abundance in the intertidal zone of an outfall area in California, USA (DORSEY et al., 1983) and also in an Australian sewage (DORSEY, 1982) .
The cirratulids Cirratulus cirratus and Caulleriella alata are present at medial stations. Some cirratulids were also mentioned as indicators of organically enriched sediments, like Cirriformia spp. associated to Capitella capitata, Scolelepis Blainville, 1828 or Polydora Bosc, 1802, in or near polluted areas (PEARSON & ROSENBERG, 1978) . Species of the genus Tharyx Webster & Benedict, 1887 may be extremely abundant in polluted areas (FAUCHALD & JUMARS, 1979; DORSEY et al., 1983) . Around the effluent of domestic sewage in the northwest of Mediterranean Sea, C. cirratus was found in association to subtidal mytilid beds, being considered as tolerant to organic pollution (BITAR, 1982) . No records of great abundances of cirratulids from the southern mytilid beds were reported before, suggesting that these two species could indicate an opportunist enrichment.
Neanthes succinea, formely mentioned for mixohaline waters (ORENSANZ & ESTIVARIZ, 1971) , was cited as associated to Brachidontes rodriguezii community in vertical substrates (SCELZO et al., 1996) . Although Neanthes Linnaeus, 1758 species have been found in or around organically polluted zones (PEARSON & ROSENBERG, 1978) , this is the first mention for N. succinea in the SW Atlantic shore in relation to an organic gradient.
Syllids are typical inhabitants of this intertidal community (OLIVIER et al., 1966; PENCHASZADEH, 1973) , being indicators of the high and mid eulittoral in vertical substrates (SCELZO et al., 1996) . However, in abrasion platforms (corresponding to the low eulitoral) affected by sewage, their abundance and dominance reach high values at medial distances from the effluent, but show a negative relationship with the organic matter. The most common species is Syllis prolixa, followed by S. gracilis.
The orbiniid Protoariciella uncinata is subdominant at the control Station, decreasing towards the effluent, and disappearing in the most impacted station. They also show a negative correlation with the organic matter. This species was cited before in other mytilids beds of Chile and Peru (HARTMANN-SCHRÖDER, 1962a, b) , but in the Pacific Ocean it is considered as an indicator of organically enriched sediments (ELÍAS et al., 2000) . The two gradients observed in the Redundancy analysis from the outfall could be synthesized in only one, the amount of organic matter, because the sediments accumulated among mussels in a density-dependent variable are related to the population dynamics of the mytilids. The density of Brachidontes rodriguezii increases from the outfall to the control site, as well as the presence of juveniles (VALLARINO et al., 2002) . This phenomenon produces the matrix that traps the sediments (GOSLING, 1992) . As a result of this increasing sewage impact, mytilid density decreases towards the effluent, resulting in a decrease of trapped sediments. This is the first comprehensive and quantitative study of the polychaetes associated to mussel beds in this part of the southwestern Atlantic shore. Although the data are limited to the spatial scale, other results show that this trend is also present at the time scale, in both the short-term and the long-term period. The present study confirms that polychaetes are useful tool to assess sewage impact in the hard-bottom rocky shores of the southwestern Atlantic.
